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Traini the Horizontality Concept in,a. Group. ,

of Non-Trinsitiona' Subjects

In,charting th developmenCof the child!S conception of spafial,rela-

t iOns,4Piaget (Piag

4

success with ale ceptual-feedbaCk te hnique. However, these Subjecti were .

B-years-old an did hove some partialunderstanding prior to training: It

e mentioned that in
ShePpore01974) stUdy as in the Bei10, et al, ,

y.there'was nO specifiO transfer of
trOining to a jar shape other than

K

t 6,4Inhe1,der, 1956; Piaget, et al. 1960) placed special

emphasis\on the em gency of the concepts of horizontality and verticality,

The concept of,hor zontality, especially as assessed by Planet's water line

task, has received a substantial amoun of.attention both in Piaget's writing 4

and in.recent tele rch literatUre. *Pianet and others (Barna.& t'Connell,

4 ,

resultsof these training studies mirTor.the results of other :

ai/tting studies of Piagetian concepts of the concrete'operational,period

Brainerd & Allen, 1971):. Successful
training is common for tran6itio,a1

;

subjects, i.e, those with some previous partial' understanding. It, remains '

more controversial as to whether,such cognitive concepte,can be

1967; Beilin, Kan & Rabinowitz, 1966; Dodwell.,1963; Ford, 19704;4Shantz

&Breock, 966; Sm delund1963)4 have shown46at preoperational children lack
4

on ade ate conte tion of the horisontal;,they\tre able neither to represent

coireOly nor to perceive acourately,the horizontality of the water line n

a t 1ted contaiter.' Pianetad Inhelder (1956) ret,ort that theability

,

do¢s.not become ineneral,across all angles 'of tilt until he Middle of the

,

A

concrete operotlonaPperiod.at about eight or dine years of oge.. Others,

'14

4

hoWever, have fund that this is often' not,achieved until much later and is a

absent in many Odults (Nodwell,.1963; Rebelsk/, 1964; Thomas, 'Jamison & Nummel,.1971';

.

\

I

willemsen & ReYnoldi, 1973),

/
In recent iyears several inVestigators have attempted to teach the ton-

, 40

copt with,varying;degrees ofsuccesS, Smedslund (1963 had some success with,

a peiceptual feedback procedure in 577 year 'olds, but only witbsubjects who

Yahowed some initial grasp of the conCept. Beilin et af. (1966), using second /

found.0 perceptual confirmation procedure to be most effective altho/ugh

, it wis not suffiCient to 'produce a significant transfer oltraining effect,i

and here too, an unreported proportion,of their 'subjecti hod shown partial
A n

acquired by non-transitional subjects.

The purpose Of the present investigation was
tnattempt totrair the

4

horizontality concept in a group of young children, who were non-operational

on the horizontality concept
but transitional on what4Pianet (et al., 1960)

have termed the precursor conbepts of distance
add length conservation.. By

using a more intensive perceptual-feedback
technique, it was felt thOt the

concept could be mastered by
non-transitional subjects, and thatthis Uider-

t ing'would transfer to a round-sided jar.

;tending on retest. Most recently a study by Sheppard (1974) hes. dembn
4

3 flo

Method
0 '?e

The experiment consisted of (a) a pretest, (b) a' training, session with".

immediatqosttest, (c) a follow-up tes after a 1- eek interval Thus,
.

eanh child was seekindividually on three separat
occasions, spaced 1 week

apart, Testing of'distance and length conserve ion was made before the pre-'

test and immediately after the follow-up postt st,

4



Subjecti

grOups of 20 subjects each (training vs. control groups) comprited

the sample. All Subjects wete first graders'(mean age 6 years; 9 montbs);

.'1'hese children, werelpupils at state college:affiliated teacher training

schools York and Providenct,, Rhode Island, iSch grOUP of, ,

subjects had,equal'"numbers'of pale and female children: 'Only subjects '

who failed four o(of four pre'sentations of the waierqsine on the pretest
.

ilere used in this ttudy. Subjects in either the training or control groups

who made one or more correct responses On tbe pretest were rejectpd at onc

MSterials

A straight-sided jar, 4 inches high and half-filled with clear water

wss used lor the training trials., An attempt was.4de to make the water

line in this jar more salient for purposes of training. This Was accom-

plished by'floating small BB-sizedlIack wax'pellets on the water so that

the surface was covered by,approximately one thickness of the pelleti. This

device served to accentuate the water line sharply, relative to the other /

stimUlus elements of the,jar,, when the subjects viewed the jar in the usLial

way with the, water lige at about eye level,

A'secondstraight-sided jar, identical to the first, but empty, was

used for the pretest, posttest, and follow-up test trials. An empty rounded-

side jar similar in size was used fot the transfer test trials. An

adjustable jar-holding apparatus was constructed which was used to present

the stimulus jars in various degrees o tilt, Response sheets on which the

iubjects drew their water line representations were prepared which contained

outline drawings of the jars in various angles of tilt corresponding to the

angles at which the stimulus jar was' presented. A heavy black line represented

the table top in each drawing. This line could be used as a horizontal

reference line,as cduld the borders, of the response sheet itself, Pairs

/

of toy soldiers, dogi, and cars, a wooden block about ? by 6 by.10 inches

in size were used tp assess distance conservatiog;,a pair of 8-inch-long

sticks was used-to'itsess length cOnserVation,

Procedute

Pretest. On the first day of testing, the child was presented with

four distance conservation items, two IgVolving filled versus empty, space,

and two involving direction of Movement. A child waialso given two length

conservation items. In the filled-empa distance conseivation test, the

subject was first shown two toy.cars about 15 inches apart and Iskeddf.they

were "near each other or far apart." All subjeCts said the objects were\

\,

far apart. A wooden block, slightly higher than the objects and about 2 inchet

thick,was then placed midway between them and the child was again asked if

the objects were near each other or far apart. The procedure was then

'T

repeated using toy dogs in place of cap, Ih the direction of movement

distance conservation test, the subject was first shown two toy soldiers,

one on the table and one placed about 15 dnches away nn,a'box to that it

was elevated about/12 ints above 'tjt'able top. ,The subject was then asked,'

P

"Is it just as far froadhere to here' (object A to object B) as it is from

here to here (B to' 0)?" while the experimenter moved his finger from A to B

and back again. ,The procedure was then repeated using the toy dogs in

place of the soldiers,

In the arat conservation test, the child was showNtwo B-inch-long

sticks, The tticks were placed side by side and the thild was asked if the

two sticks were the'Same length. All subjects described the sticks as

. being of equal length. One stick was then displaced 1 inch to the left and

the child was asked whether the sticks were'still the sate length or whether

one was longer than the other. The procedure was then rep'eated with the

displacement being'made to the right instead of to the left:



5.

For the,horizontality concept test, .tte child wa8 firtt introduced to

. .
the proCedure of drawing lines, on response sheets by.means of four.w;arm-

$.....-

up.items...In two of-these-items-, the child completed' a partially drawn

geoMetric form (square or hemisphere) by. drawing a straight line.' In the

Temaining two items, the 'child was shown a drawing of a jar withe dot

on each of its sides and was asked to draw A line .from dot to dot. The
4.

-purpose of these trials was to adapt.the child to thi lie drawing.task and

to insure that all subjects had sufficient visual-mob:Jr coordination and

S.

control to draw a straight line.

.
.

the accentuated water line,. The jaf was held upright,.and the.fact that

the top of the Iter forms a water_line was'Pointed out to him. The

After the warm-up items, the,.ciéhild was shOwn' the straight-sided jar with

_experimenter said,."See the water in this jai? If you look closely, you

can see that the top of the watarmake'sa line right across the jar, just

;like this (E pointi). Do you see it? .14e call this the.water line." This

jar was then-put out of sight and not shown again. The empty straight-sided jar

was presented in the upright position, and the child was given a response sheet

and a k o draw.in the.water line so that- it woul look just like the water

line in the half7full a just been s
.

The remaining stimulus-jar

positions were then presented in the follOwing order: 'straight jar tilted right,

t.

round jar tilted le t; ro

]

nd ,jar tilted right,. straight jar tilted left. All

tilts of the jars_we 45_frowthe vertical_ /

Traini1:1. The t ning session followed 1 week after the pretest.' The

child was first given two warm items, as described.above, after which

was ahownthe j r'with the centuated water line and remindedthat

the tp of the water formed a water line 'This jar was thempUt out of sight

and th êhild was.presented with an empty st aight-sided jar in the.upright

I

..

positio
\

and asked to.antipipate the water ine by drawing it on a response



t

sheet, showing an empty.outline lar in the upright position. If the

child's representation waS'oorrect, he was told that ,his drawing was
7

-I)Jrrect. Thit Was expliCitly emphasized to him 41,the experimenter 'who

replaced the empty jar with the half-full jar and placed a pencil first

along the actual wate-line itnd.then on the-drawing and noted that

t4ey both lay "flat" or Iike the table edge or base of the jar holder.

. .

Feedback. If the-ohild's.drawing was 'incorrect, he was.so informed and

was bald how to correct it. Again using a'pencil, the experimenter demonstrated
1

.'how the actual water line was flat like the jar holdevbage and that the water

line cOuld not look'as the child had draWn it but would lie flat. When

_the child's initial representation was incorreat, another outline drawing

was presented and the child was asked to copy the actual water line from the '

aceentuated jar. If this response was correct, the child was told so as described

above. It the second drawing was still incOrrect,, the child was told that he -

was not correct and was ,encouraged to do better on the next trial.

The above procedures were repeated with the following additional

orientations: 300 right, 3021) left, 94° Aght, 900 left, 60 igh-t, and

60° left. Only the straight=sided jar was used for the training trials.

It ShOuld be noted that the angles of tilt used in,the pretest,Tosttest,
4

apd follow-up trials were not the same .as those used on the training trials.

Posttest. Immediately following the last training tlials, the child

was given a posttest identical to the pretest with the exception that-the

upright position.was omitted. No knoledge of results was givenduring

the posttest.

4

Follow-uo. A follow-up test, identical to the immediate posttest, was

administered in the third test session, 1 week a ter the training and posttest

tsession. No. warm-up trials were sed in tkie fo low-up session. Immediately

, aftef this folloWlup test, the distanceand length conseryation tests were
.

--

8



7.

re-administered.

Scoring, The children's water,line representations on thepretest, post-.

est,i. and f011ow-up ltest.were scored as correct (horiZontal) or incorrect

-

(nonh rizontal); And the subject's score was. the number correct summed.

acrose the four tilted jar positions: the upright poeition was'used only

on the pretest.as a warm-up iterd and was not scored. Since the children,.

drew their respOrises freehand', a tolerance of five degrees was allowed in

scoring a respoAe as correct.

Results

1/4

Training. An analysis of variance of _the number of corroct resronses

revealed a significant increasedn.performance across test periods (F =.18.14,

df = 2 40, p. ( .01)., as shown'in figure 1. A Newman-Keuls analysis'showed
, .

Insert Fig-lire 1 About here

a significant (p.<.01) increase in correct-responses from pretest to posttest

and a further but non-significant increase from posttest to followl-up

test. For the,dOntrol group there were no correct responses on either the

pretesst, posttest or follow-up test.for any of the children.

Scdcific Transfer.

:

The-fdregoing analysis showed that there was a significant training effect

disregarding jar. shape. This effect involved a certain degree of-transfer, in

that the angles of jar-tilt used.in test items were different from those

used in the training procedure. The question of transfer to a different

,

jar shape, however, is perhaps of more interest since Beilin et al. (1966)

and.Sheppard (1974); failed to. obtain.such 'an effect. Separate Newman-Keuls

''

analyses showed that there ,were si\gnficant training effects for each of



thetwo Aar shapes. For,the straight jar, theA waS a non-significant increase

Ineert Table. 1 abolut here

in performance from pretest to postteSt, but'a significant (p 4: .1:3) increase

-

,from pretesi to f011ow-Up test: Thii indicated'a significant effect of

direct training on the straight jar. For the roOnd jar, the increases in
.0

'performance.were'significant from pretest tot posttest (13(.05) and from

-A--
pretest to,follow-eup test'Ep(.05). These results indicate that the.

4

training effect obained With the straight jar transferred to the round
- .
.jat, which was not used in the training series! Indeed, paradoxically,

acquisition was more immediate for 1.1e round jar than.for the straightja

Conservation.Items _

-
On the four distance conservation.trials, the.training group.prodUced

an average of:l.65.versus 2.40'-for the control group (p.05). On thetwo'

length conservation trials, subjects in both the training and control groups

próduced an average of 0.85 correct responses. Few subjects demonstrated

Complete success on these precursor concepts. For distance conservation.only

two subjects in the training group and five subjects in the control groups

slhowed complete success. On length conservation, fih subjects in the

training group and eight subjects in the control group Scored two correct

responses.. Itthusappeared thalpthese subjects weie.in transition in

development of the precursor concepts of distance and length conservation.
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,Discussion.
.

p,

The results.Of the:present investigation re important ih-several respects..

7R-is t of-all 6iiiareate a'kignificant improvement in watei line

comprehension in a-grouqmof young, non-transition'al supjects. Second1y, the

itpkovement in perforthance was Sustained for a week, it which time the follow-

,up posttest was admihistereA.- 'Peilhaps moat impor ant were the findings that
r, .v

.

the effects of tra*httig tranSferredAO degrees oftilt not used in training...
.

:

..ana to a kOund7sided jar/. also:not US O in training.

;By themselves the findings"OfaSignifiCant improVemenif on the)horizontality

concept followingtraining as measuredby the waterlind taSk, arenOt that

Unusual. Several previous studier eg., Smedhlund (1963)? ei1in, et il. (1966)

.and Sheppard'(1974):have all demonstrated.some.success,in training'the cohdept.
, .

'What is exeeptional about these results is that subces'Sful training was.r

. . 0,,;.

accomplished,witit a group'of Children roughly a yeat Younger than the.previous
.

\... . .

.. .% studies. Subjects in the present investigaton were coOidered to' be. non-
v ,

transitional .on horizontality, while, in..:a transiionarstate On.Piagets'

hypothesized precursor concepts of distance and length conservation.

It is noteworthy, too, that previous studies of this sort have failed

to find tl-ansfer of trainIng to a.jar shape other than that used in training.

Failure to find transfer effects raises some-queition as to whetherlwe can

speak of successful traini ng of the horizontality concept. ,For without transfer%

.of training, it could be argued that the children merely learned specific

-
behaviors for a.specific task and not a generalized concept. The,fi,nding

of specific transfer,of traihing in the pielent study gives sVength to

the conclusion that with a more intensive training effort, the 'concept of

horizontality can be acquired in a group Of young, nonr-ooerational subject.

Having said all that, the question still remains as to what aspect or
0.

no.
11

1.

e
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aspects'of the training effort
.
resulted in tile improved performance, or

whether some combinatioA of.techniques'was required for successful training.

.

Unforttfilately; the retuIts-Of this study' cannot provide a directsanswer

to these guestions. 'However, by using Piagets' theory of cognitive develop-

ment and the result of similar studies as guides, some tentative answers
.

.

to these questions can be offered.'

The first point of discussion involvet Piaget's noti&lkof cagnitiVe growth
\

in general. Piaget etates many.times(eg. Piaget,,k1960) that cognitive growth

entails accomodation of pre-existing schemata to."fit" the new reality.

.. . ,
. .,

In terms.of the
.

waterline task the child oist accomodate the pre-existing
i

notion ,of "water always paralleLto.the 8ase -of container" to "water oblique

across the containeF and parallel to .the floor." Riaget further makes the

.point that acComodation requires tome mental effort, and that-when a child

4

is presented with a new obfect or task the child will initially attempt

to assimilate the new reality'to the old schema.

T?These theoretical ddeas h e large implications for any attempts at

accelerating Cognitive mastery.. Specifically the provision of feedblokin

a "passiire"..may, i.e. merely holding up for inspection, a real water line,

'is likely to provide noadaption of the child's mind. Indeed it was

the authot's experience that mos,t children when asked to compare their in-
. ..,

correct representation of the water line directly, side by side with an

actual water line, t4ould insist that the water line in each jar was

the same. By.makingexplicit the discrepancy.betweem the real water.line

and the child's representation of the teal, it may be.possible to overcome

,this "cognitive resistance."

However, pointing out the discrepancy alone may not e sufficient ta

instill a new, concept of the waterline, In this investigation.children a1ab

were,qiven tfit chance to correct their wrong representations.

1

this practice





ID;

a significant role in the

"his "learning through action"

of schema development. This

! termed teafference, (Redd, 19°65);

didation ti new behavior. patterh,

"I

!rning the issues of. explicit

!edback in the acceleration

:o test these ideas using foui groups,

.ng variations in acquisition by

)) perceptual-motor feedback only

zactice, and (d) no training,

training of thesR cognitive

TABLE 1

Results of Water-line Tests

JAR HORIZONTALITY TEST

SHAPE PRETEST POSTTEST : !FOLLOUP

Straight 0.55 0.90

Round ( 0,00 0.95 0.95

Note - Maximum correct would be 2.00

14



Figure 1

Results of training experience across th

V

15

three testiv1 essions.
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